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Abstract: Surface temperature is an important geophysical parameter in energy and substance exchange processes of 


land-atmosphere interactions, and is a crucial element of global climate system. Time series of observed surface temperature 
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data from meteorological stations are discrete and lack continuity in space. Satellite retrieval of land surface temperature is 
continuous in space, but with short time series. The simulation of surface temperatures using land surface models is an 
effective way of obtaining surface temperature data of high temporal resolutions. However, significant differences have been 
noted between different versions of land surface models, a large part of which lies in the physical processes of key land surface 
parameters. Thus a comparative evaluation of the performance of surface temperature for 1981—2004 was conducted over Inner 
Mongolia in this paper using NCAR (National Center for Atmospheric Research) Land Surface Models (CLM3.0, CLM3.5, 
CLM4.0 and CLM4.5) forced by NCEP (National Center for Environmental Prediction) and ground observation data. The 
study compared and analyzed differences in the results between models, tested the capability of models to simulate surface 
temperature over Inner Mongolia and provided guidance and reference for future improvements in the models. The results of 
the analysis of temporal and spatial variations in surface temperature over Inner Mongolia showed that: NCAR/CLMs 
simulations could be used to reproduce spatial and temporal variations that were in good agreement with data observed in 
ground stations. CLM4.5 model was the best as it had the highest correlation coefficient and lowest average deviation and 
RMS error for the Inner Mongolia due mainly to improvements in the calculation of roughness in the model. The simulation 
results for surface temperature by different CLM models were generally lower than the observed values. The mean deviation 
between the CLM simulated results and the ground observations was minimum during winter. Summer bias increased, 
especially for the eastern region. The deviation in temperature for the eastern part during summer was above 3 °С. This 
indicated that the simulation capability of maximum surface temperature for the eastern and central regions was significantly 
lower than that for the western region. The differences between various versions of the model for the western region were not 
as obvious as those for the eastern and central regions. This was related to the improvements in snow patterns and hydrological 
processes of CLM4.0 and CLM4.5 model versions. In summary, CLM4.0 and CLM4.5 versions were fully applicable in Inner 
Mongolia, but the simulated values of surface temperature were lower than the measured ones. While the deviations were small 
in winter and high in summer, the in the eastern region were greater than those in the central and western regions. 


Keywords: NCEP; CLM; Surface temperature; Numerical simulation; Inner Mongolia 
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Fig. 2 Spatial distribution of average surface temperature in Inner Mongolia based on observation (a) and different versions of the 


CLM simulation (b-e) 
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Table 1 Surface temperature correlation coefficient, mean deviation and root mean square error of CLM simulation and station 
observation in different regions of Inner Mongolia 

Ж Region ШІН Item CLM3.0 CLM3.5 CLM4.0 CLM4.5 
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SQARiR= Root mean square 2.35 2.53 2.14 2.14 


RIB 7 99.9%Н%18]#1%%% ** indicates a 99.9% confidence test. 
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Fig.3 Observed and CLM simulated monthly mean surface temperature from 1981 to 2004 in eastern (a), middle (b) and western 
(c) regions of Inner Mongolia 
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Fig.4 Deviations in monthly average surface temperature between CLM simulated and observed values from 1981 to 2004 in 
eastern (a), middle (b) and western (c) regions of Inner Mongolia 
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Table 2 Classification numbers of difference in monthly average surface temperature between CLM simulated and observed values 
from 1981 to 2004 in eastern, middle and western regions of Inner Mongolia 


HH Region (z= Deviation CLM3.0 CLM3.5 CLM4.0 CLM4.5 
Жай <—5 82 35 8 8 
Eastern -5—1 129 165 189 176 
-1-1 69 82 87 87 
ы 8 6 4 17 
фа <-5 0 1 0 0 
Central -5--1 150 147 103 94 
е6 84 95 111 107 
>I 54 45 74 87 
ШЕЕ <—5 1 9 0 0 
estern Bus 153 151 140 136 
-1-1 89 99 97 91 
>I 45 29 51 61 


http://www.ecoagri.ac.cn 


306 EEA RAL AIR 2017 C hinaX ive ^8 


-25 mum CLM3.0 
кшш CLM4.0 
e— h nl] Observation 


mum CLM3.5 
mum CL MA.5 


-15 


1981-01 1983-01 1985-01 1987-01 1989-01 1991-01 1993-01 1995-01 1997-01 1999-01 2001-01 2003-01 
Het [i] 4E—H) Time (year-month) 


5 1981—2004 FARA (а). HARO ARRON JU 38 Жейт SE ЯП ЖЕЗ. H 3E 25 38 Жейт [E Б] [8] Е 51] 
Fig. 5 Time series of observed and simulated monthly mean surface temperature in eastern (a), central (b) and western (c) regions of 
Inner Mongolia from 1981 to 2004 
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